The elemental composition of food consumed by astronauts is well defined. The major elements carbon, hydrogen, oxygen, nitrogen and sulfur are taken up in large amounts and these are often associated with the organic fraction (carbohydrates, proteins, fats etc) of human tissue. On the other hand, a number of the elements are located in the extracellular fluids and can be accounted for in the liquid and solid waste fraction of humans. These elements fall into three major categories
INTRODUCTION
In a healthy adult, one would expect the intake of elements to be equal to the output in the form of human wastes (feces, urine, respiration, sweat, semen and menstrual fluid). Schroeder (1 973) reports "The body has marvelously exact mechanisms for maintaining homeostasis of inorganic elements. Unfortunately it has relatively poor mechanisms for maintaining the organic elemental content of the carbon, hydrogen and oxygen which is built up and deposited as fat". There are wellestablished isports that have defined calcium and phosphate homeostasis, based on the understanding of these processes [3, 111. Wastes in healthy humans are well characterized by human physiological processes such as defined absorption rates of elements at the intestinal level, defined elemental transfer and mobilization at the kidney and sweat functions. Despite this assumption, the authors are not aware of reports to demonstrate this partitioning empirically. An excellent study of input/output mass metabolic rates (MMR) was presented in the form of a computer simulation model to predict mass of urine and feces produced in a closed system [4] .
The paper demonstrated that both feces and urine production were functions of Energy expenditure rate (EER) which in turn was a function of the inputloutput MMR. This paper made an assumption that the solid feces mass flow rate is some production ratio (dfs) of the dry food input and liquid feces mass flow rate as being dependent on the total water input. Using the dry food input and liquid input, they were able to predict both solid and liquid fecal rates at different EER's. RDA's are well quoted values and they are based on a number of studies. Typically, the RDA values are defined as the "standards to serve for good nutrition". They are constantly being revised and often vary with age groups. Though the numbers are based on numerous scientific grounds, in general they do tend to be between 0.75-1.5% of the total elemental weight of a 70 kg-person. 
ABSORPTION OF ELEMENTS IN THE DIGESTIVE SYSTEM OF HUMANS
The gastrointestinal system is the portal through which the nutritive substances, vitamins and elements enter the body. In a typical adult consuming 2000 mls of water daily in food, only 10% (200mls) is excreted in feces. The absorption and excretion of the different elements is determined varies and depends on the element of interest. For example, highly soluble elements such as sodium are almost completely absorbed, while others such as calcium and phosphate are less readily absorbed resulting in a larger fraction of the ingested calcium and phosphate being released in the feces. Table 3 shows the net absorption of nutrients in normal healthy adults on diets of mixtures of plant and animal foods [I 11. As evident, the absorption rates are predictable and within a narrow range in healthy adult humans. Further, since there is reliable information on the elemental input (based on the RDA or the analysis of the food provided), one could predict the partitioning of the different elements in the major waste components (feces and urine) of humans.
LARGE VARIATIONS IN RANGE OF ABSORPTIVE CAPACITY.
In some cases, example magnesium and calcium, the absorptive capacity has a broad range and this has important implications. Generally, this is observed with elements that have low solubility in water and in these cases, the absorptive capacity is concentration dependent. We have used calcium as an example below:
Calcium -typically 99% of the calcium in humans is found within the bone while 1% is found in the extracellular fluid. The recommended calcium intake is between 0.8-1.2 g, (about 1 % of the total body content). Since homeostatic mechanisms operate in human systems, a balance of between 0.05-0.159 calcium will be released.
High (1 .Og ) calcium in food -30% absorption;
Using similar calculations as above, Hence fecal calcium content =0.97-1.049
The amount of calcium in urine is also dependent on rates of intake. Data from has been used to recalculate the percentage partitioning of excreted calcium between urine and feces are shown in Table 4 . Typical sodium concentration can vary significantly even in healthy adults. However, sodium is almost completely absorbed and hence there is no sodium excreted in the feces, except during diarrhea [5, 91. In general, all the sodium is excreted either through urine or sweat, with little or none being excreted in feces. Table 5 . These values on columns 2 and 3 were taken from healthy adults but whose source of elemental input was often not known. The table is limited to only a few of the elements and particularly to those known to be considered important in resource recovery. A range of the partitioning ratios between the urine and feces based on these actual values are also provided.
This type of information is important in identifying technologies for resource recovery. For example, the presence of high levels of sodium will clearly make using urine as a direct plant nutrient source, despite the high potassium cont. 
INPUT/OUTPUT ANALYSIS
The elemental composition of the food of astronauts is very well defined. Using a very simple equation, one could predict the partitioning and distribution of the different elements in the major human wastes, urine and feces.
Elemental Where Gi = glomerular filtration efficiency -typically this value is around 95% under normal metabolic conditions in a healthy adult. Clearly, many other factors both human health and environmental conditions (e.g. microgravity conditions) which will change this value. Other human factors that can change this value are the metabolic rate and activity of the subject. As our quantitative knowledge of human physiology increases, we could incorporate the information into the database. 
CONCLUSIONS
This paper has used an alternative approach to characterizing and quantifying the elemental partitioning between the two major human wastes, feces and urine. Fundamentally, it uses the principle that if we do have knowledge of the inputs we could predict with reasonable certainty the output of the elements. It uses well proven human physiological data and knowledge to predict the elemental composition of these human wastes. In the light of the fact, that various limitations prevent the use of large amounts of human wastes, particularly feces and urine, this approach could provide a means for simulating the wastes from a chemical perspective. Once simulated, appropriately chemically developed simulate can be used in the waste processing technologies, as a first step. However, the authors do recognize that there are physical characteristics of the wastes that are not considered and that in the later developmental stages of the waste technology processors, it is likely that "real" wastes will need to be used.
This paper makes the assumptions that the subjects considered are healthy adults whose dietary inputs are highly controlled, which is justifiable for astronauts. *No data has been found so far on excretion of sodium from the body into the gastrointestinal system. However, based on the intestinal membrane it would not be surprising if sodium is pumped into the gut.
DEFINITIONS, ACRONYMS, ABBREVIATIONS
** The kidney is not generally known t o be good at filtering trace elements hence a lower value has been used for the trace elements. As more reliable data becomes available, the more reliable numbers will be inserted.
